A 77-year-old woman presented with exertional dyspnea six days after left pectoral pacemaker implantation. Chest radiography at presentation showed that her left diaphragm was elevated when compared to earlier films. A fluoroscopic sniff test confirmed left diaphragmatic paralysis. Thoracic computed tomography did not reveal any major vascular or lung parenchymal injury; however, phrenic nerve injury on direct needle puncture during the original surgery was suspected. The patient's small body size may have increased the risk of this injury. Delayed-onset unilateral diaphragmatic paralysis appears to be a rare complication of cardiac device implantation.
Introduction
Diaphragmatic paralysis can occur after cardiac surgery 1 or tumor growth. 2 It is also a rarely reported complication of cardiac device implantation. 3, 4 We report a case of unilateral diaphragmatic paralysis due to complications during pacemaker implantation.
Case
A 77-year-old woman was admitted for exertional dyspnea. She was 148-cm tall and weighed 54 kg. The patient had undergone percutaneous coronary artery intervention 11 months ago for acute myocardial infarction with non-ST-segment elevation.
Twenty-four hour Holter monitoring showed multiple episodes of paroxysmal atrial fibrillation followed by a prolonged sinus arrest over 10 seconds. It also detected persistent slow junctional 
Discussion
The diaphragm is a major respiratory muscle innervated by phrenic nerves. The phrenic nerves originate from the cervical spinal root (C3 to C5). These nerves ordinarily enter into the thoracic cavity between the subclavian artery and vein. They then travel to the diaphragm region along the pericardiophrenic vessels and lie between the pericardium and parietal pleura in the thoracic cavity. 5, 6 A number of diseases such as inflammatory diseases and surgeries such as cardiac surgery, thoracic tumor, subclavian or 
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internal jugular vein cannulation, and radiofrequency catheter ablation cause phrenic nerve injury, which may lead to early-or delayed-onset diaphragmatic paralysis. [7] [8] [9] [10] [11] [12] Paralysis of the diaphragm can be easily diagnosed by a fluoroscopic sniff test.
However, it is not always possible to determine the precise cause of paralysis. Phrenic nerve paralysis from cardiac device implantation has rarely been reported in the literature. 3, 4 Phrenic nerve compression has been caused by traumatic internal mammary artery pseudoaneurysm. Indirect phrenic nerve injury via electrocautery or local anesthesia has also been reported.
In the present case, phrenic nerve injury by subclavian vein puncture needling appears highly probable, given the patient's small body size and a lack of evidence for major vascular or lung parenchymal complications on chest computed tomography.
Phrenic nerves enter the thoracic cavity near the internal jugular and subclavian vein junction. This region is smaller in patients with smaller bodies, which increases the risk of direct phrenic nerve injury on subclavian vein puncture needling. Several phrenic nerve anatomic variations have been reported to be susceptible to direct needle puncture injury. For example, the location where the ipsilateral phrenic nerve penetrates the subclavian vein is susceptible to direct needle puncture injury. 13 Previous case studies have reported immediate-onset dyspnea after device implantation. However, dyspnea began 6 days after pacemaker implantation in this case. There were no symptoms or signs indicating diaphragmatic paralysis on chest radiography or fluoroscopic examination performed immediately after pacemaker implantation. The cause of delayed onset diaphragmatic paralysis Diaphragmatic paralysis is a rare complication of cardiac device implantation. Phrenic nerve injury may be caused by subclavian puncture needling during the device implantation procedure.
Surgeons should consider the complex anatomy of the phrenic nerve when performing cardiac device implantation. This is particularly important for patients with a relatively small body size. The surgeon needs to minimize the risk of phrenic nerve injury by using fluoroscopic guidance during axillary vein puncture.
